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(57) Abstract: An oval mirror for improving 
a condensing efficiency in conformity with the 
wavelength of a soft X-ray is used to increase the energy 
density of a soft X-ray, and a work such as an inorganic 
material is processed and/or modified with a precision 
of several nanometers by using a soft X-ray only without 
applying both patterned soft X-ray (patterning ray) and 
processing laser beam. A soft X-ray (14) emitted from 
a light source (7) is condensed onto an oval mirror (15) 
at a high energy density and is applied to a work (19) 
in a specified pattern, and the work (19) is processed in 
a specified pattern only at a portion irradiated with the 
soft X-ray (14). 
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Atomic Data and Nuclear Data Tables vol.54 No. 2 July(1993) p.315jfB^<7>rTABLE 
III. Specular Reflectivity for Mirrors J <Dje N RXf^m^^yVVXi^^tltc^y 
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[05] 

TABLE III. Specular Reflectivity for Mirrors 
See page 211 for Explanation of Tables 



Gold (Au) 

p = 19.30 gra/cm 3 

Grazing Incidence Angle, 0 (milliradians) 



Line 


c#iev ) 


5 mr 


10 mr 


15 mr 


20 r 
mr 


30 mr 


50 mr 


80 mr 


125 mr 




400 mr 


Al 




72 A 


98.7 


97.5 


96.3 


95.0 


92.6 


88.0 


81.5 


72.3 


58.6 


28.1 


Si 


L 2,3 


91.5 


98.9 


97.7 


96.6 


95.5 


93.4 


89.1 


83.1 


74.4 


60.7 


24.1 


Be 


K 


108,5 


99.0 


98.0 


96.9 


95.9 


94.0 


90.1 


84.5 


76.2 


62.1 


14.6 


Zr 




151.1 


98.7 


97.4 


96.0 


94.8 


92.2 


87.2 


79.7 


68.0 


42.7 


1.19 


B 


Ka 


183.3 


97.0 


94.0 


91.1 


88.3 


82.9 


72.8 


58.7 


38.8 


11.1 


.376 


C 


Ka 


277.0 


94.9 


90.0 


85.4 


81.0 


72.7 


58.0 


39.6 


18.8 


3.50 


.152 


N 


Ka 


392.4 


94.2 


88.7 


83.6 


78.6 


69.4 


53.2 


33.0 


11.7 


1.58 


7.00E-2 


Ti 


La 


452.2 


93.9 


88.2 


82.8 


77.7 


68.1 


51.2 


29.9 


8.76 


1.07 


4.83E-2 


o 


Ka 


524.9 


93.8 


87.9 


82.3 


77.0 


67.1 


49.5 


26.8 


6.20 


.708 


3.24E-2 


Cr 


La 


572.8 


93.7 


87.7 


82.0 


76.6 


66.5 


48.3 


24.6 


4.82 


.540 


2.51E-2 


F 


Ka 


676.8 


93.5 


87.4 


81.6 


76.0 


65.5 


46.1 


19.9 


2.86 


.322 


1.53E-2 


Co 


La 


776.2 


93.5 


87.4 


81.5 


75.9 


65.2 


44.5 


15.3 


1.77 


.205 


9.95E-3 


Ni 


La 


851.5 


93.5 


87.4 


81.5 


75.8 


64.9 


43.0 


11.7 


1.24 


.147 


7.25E-3 


Cu 


La 


929.7 


93.5 


87.4 


81.5 


75.8 


64.5 


41.1 


8.47 


.880 


.107 


5.34E-3 


Zn 


La 


1011.7 


93.6 


87.5 


81.6 


75.8 


64.3 


39.0 


5.91 


.628 


7.82E-2 


3.94E-3 


Mg 


Ka 


1253.6 


93.8 


87.8 


81.9 


76.0 


63.3 


27.7 


2.06 


.251 


3.31E-2 


1.71E-3 


Al 


Ka 


1486.7 


93.7 


87.7 


81.5 


75.2 


60.1 


11.6 


.869 


.117 


1.59E-2 


8.36E-4 


Si 


Ka 


1740.0 


93.5 


87.1 


80.5 


73.2 


53.0 


4.03 


.386 


5.55E-2 


7.75E-3 


4.11E-4 


Zr 


La 


2042.4 


92.3 ; 


84.7 


76.3 


65.9 


26.3 


1.22 


.143 


2.17E-2 


3.10E-3 


1.66E-4 


CI 


Ka 


2622.4 


82.9 


67.4 


52.3 


36.7 


9.46 


.753 


9.60E-2 


1.49E-2 


2.15E-3 


1.16E-4 


Ag 


La 


2984.3 


83.6 


68.3 


52.7 


35.1 


6.56 


.519 


6.75E-2 


1.06E-2 


1.53E-3 


8.25E-5 


Ca 


Ka 


3691.7 


84.9 


69.8 


51.8 


26.3 


2.68 


.238 


3.23E-2 


5.15E-3 


7.48E-4 


4.04E-5 


Ti 


Ka 


4510.8 


86.4 


71.1 


46.5 


10.2 


1.05 


.105 


1.48E-2 


2.39E-3 


3.49E-4 


1.89E-5 


V 


Ka 


4952.2 


86.9 


71.1 


38.5 


5.74 


.677 


7.14E-2 


1.02E-2 


1.65E-3 


2.41E-4 


1.31E-5 


Cr 


Ka 


5414.7 


87.3 


70.6 


24.4 


3.41 


.449 


4.91E-2 


7.06E-3 


1.15E-3 


1.68E-4 


9.13E-6 


Mn 


Ka 


5898.8 


87.7 


69.5 


12.8 


2.13 


.304 


3.42E-2 


4.97E-3 


8.10E-4 


1.19E-4 


6.46E-6 


Co 


Ka 


6930.3 


88.2 


62.9 


4.29 


.929 


.148 


1.74E-2 


2.55E-3 


4.18E-4 


6.15E-5 


3.34E-6 


Ni 


Ka 


7478.2 


88.4 


53.0 


2.74 


.641 


.106 


1.26E-2 


1.86E-3 


3.05E-4 


4.49E-5 


2-44E-6 


Cu 


Ka 


8047.8 


88.5 


30.7 


1.82 


.451 


7.67E-2 


9.24E-3 


1.37E-3 


2.25E-4 


3.32E-5 


1.80E-6 


Ge 


Ka 


9886.4 


88.3 


5.38 


.628 


.172 


3.10E-2 


3.84E-3 


5.74E-4 


9.45E-5 


1.39E-5 


7.58E-7 


Y 


Ka 


14988.0 


44.7 


.627 


.104 


3.11E-2 


5.90E-3 


7.49E-4 


1.13E-4 


1.87E-5 


2.76E-6 


1.50E-7 


Mo 


Ka 


17479.0 


15.9 


.333 


5.79E-2 


1.76E-2 


3.37E-3 


4.29E-4 


6.48E-5 


1.07E-5 


1.58E-6 


8.61E-8 


Pd 


Ka 


21177.0 


4.28 


.147 


2.67E-2 


8.21E-3 


1.59E-3 


2.03E-4 


3.07E-5 


5.09E-6 


7.52E-7 


4.09E-8 


Sn 


Ka 


25271.0 


1.62 


6.96E-2 


1.30E-2 


4.02E-3 


7.83E-4 


1.01E-4 


1.52E-5 


2.52E-6 


3.72E-7 


2.03E-8 


Xe 


Ka 


29779.0 


.720 


3.50E-2 


6.63E-3 


2.07E-3 


4.04E-4 


5.20E-5 


7.87E-6 


1.30E-6 


1.93E-7 


1.05E-8 



o 




50 100 1000 10000 



E (eV) 



6/7 



WO 2005/078738 PCT/JP2005/001886 

me] 




7/7 

WO 2005/078738 PCT/JP2005/001886 



[07] 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2005/001886 



CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 G21K1/06, 5/02, B23K26/00, H05G2/00 



According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 G21K1/06, 5/02, B23K26/00, H05G2/00 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2005 

Kbkai Jitsuyo Shinan Koho 1971-2005 Toroku Jitsuyo Shinan Koho 1994-2005 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
A 



JP 2001-68296 A (Kabushiki Kaisha Riezon 
Kenkyusho) , 

16 March, 2001 (16.03.01), 

Column 4, lines 20 to 29; column 6, lines 4 
12; column 9, lines 14 to 18; Figs. 1, 7 
(Family: none) 



1-3, 5-7 
4 



to 



Y 
A 



JP 2003-14895 A (Rigaku Denki Co., Ltd.), 
15 January, 2 0 03 (15.01.03), 

Column 4, lines 3 to 32; column 6, line 14 to 
column 7, line 1; Figs. 3 to 5 , 15 
& EP 1273906 A2 



1-3, 5-7 



I x I Further documents are listed in the continuation of Box C. 



I I See patent family annex. 



* Special categories of cited documents: "X" 
"A" document defining the general state of the art which is not considered 
to be of particular relevance 

"E" earlier application or patent but published on or after the international "X" 
filing date 

"L" document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other «y" 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other means 
"P" document published prior to the international filing date but later than the 

priority date claimed "&" 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
10 May, 2005 (10.05.05) 


Date of mailing of the international search report 
24 May, 2005 (24.05.05) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (January 2004) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2005/001886 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
A 



JP 8-271697 A (Canon Inc.), 
18 October, 1996 (18.10.96), 

Claims; column 1, lines 14 to 30, 42 to 47; 
column 2, lines 11 to 37; Figs. 1 to 2 
(Family: none) 

US 4525853 A (ENERGY CONVERSION DEVICES, INC.), 

25 June, 1985 (25.06.85), 

Column 6, line 21 to column 7, line 18; 

Figs . 3A to 5 

Sc JP 60-98399 A 

JP 8-5796 A (Hitachi, Ltd.), 
12 January, 1996 (12.01.96), 
Column 3, lines 6 to 40; Fig. 10 
(Family: none) 

JP 11-26199 A (Mitsubishi Electric Corp.), 
29 January, 1999 (29.01.99), 

Claims 4 to 5; column 3, line 46 to column 4, 
line 16; Fig. 1 
(Family: none) 

JP 11-64595 A (Rigaku Industrial Co.), 
05 March, 1999 (05.03.99), 

Claims; Detailed Explanation of the Invention; 
Par. Nos. [0019] to [0024]; Fig. 1 
(Family: none) 



5-6 
1-4, 7 



1-7 



1-7 



1-7 



1-7 



Form PCT/ISA/210 (continuation of second sheet) (January 2004) 



PCT/J P2005/00188 



a. mw<omi-5ft$f<n&m mmmwm (ipo > 

Int.CI. 7 G21K1/06, 5/02, B23K26/00, H05G2/00 



W3S*1Tofc*/hl8SM* (SB&#ffF#« (IPC) ) 

Int.CI. 7 G21K1/06, 5/02, B23K26/00, H05G2/00 



H*BI*ffl*f36^« 1922-199 6^ 

0*l&ilfflil&« 1971-2005^ 

0 #HH/B§rfg3£«Wi$g 1 9 9 6-200 5^ 

B^H2fik3lffi*f|g^# 1 9 94-200 5¥ 



c. 









#^r=r y — * 






Y 


JP 2001-68296 A(#c5£^i± !> ^/ IsffiZZffi) 2001. 03. 16, 


1-3, 5-7 


A 


I4II 20-29 , I6if 4-12 ff , IS 9 14-18 fr, * 1, 7 H 


4 




(77 S !J— fcL) 




X ' 


JP 2003-14895 A (S^Mttfcifc^fc) 2003. 1. 15, 


1-3, 5-7 


A 


mmm 3-32 f?, ^effl^n n-m 7wmm,m 3-5, 15 ei 


4 




& EP 1273906 A2 





r h77 5 y -K:|Hi-5S«J«*#I! 



tej mwkmmBm^tam^tcnm^X'h^TiK m^mme 

r l j «5fe*i^3R^jait*lJijei-S3cilRXH:*!i©S:iK«>»fT 

5 ask (a*«r#i-) 

TPj BRtHMB are, d^>«3fe«t©*38©a£fiHi:>fc5fflJB 



r&j pi— h77 5 v-xffit 



SSrSSTLfcB 



10. 05. 2005 



24. 5. 2005 



p^H^fFir (isa/jp) 

SSffi#-*§- 100-8915 



MM iA 
SIS#^" 03-3581-1 101 



3 P 



9 2 5 7 



3 3 6 4 



«SPCT/ISA/2 10 (12^-^) (20 04^1^) 



mmtam^ PCT/JP2005/00 1 88 6 



c m%) ■ 



mm-tz 



Y 
A 



JP 8-271697 k{*\ / ^tfc5£^*±) 1996. 10. 18, ^fFft3ft©gSH, 
^ 1 14-30 f?, 0 1 mm 42-47 ff , l2lf 11-37 fT, f£ 1-2 & 

US 4525853 A (ENERGY CONVERSION DEVICES, INC. ) 1985. 6. 25, 

6 mm 21 n-n 7 flu^ i8 ?f, m 3A-5 0 & jp 60-98399 a 

JP 8-5796 A($5fc5£#tfc 0 3fc$¥f£3f) 1996. 01. 12, 
^3ffl^6-40^T,miO[ll(7T^ y-*U 

JP 11-26199 A( = ^«t8&8c5£#tt)1999.01.29, 

|»#^4-5,#3*|fc46fiMMflOI 16fT,»lBI(7T5 U -ft U 
JP 11-64595 A(aftllII«S^|i) 1999. 03. 05, 

w^m^mm, mmcomm^mm [0019] - [0024] ,mim 



5-6 
1-4,7 



1-7 



1-7 



1-7 



1-7 



iiPCT/ISA/2 10 (12^- 3?0)flE$) (2004flfl) 



